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Cooperation of activin, BMP and FGF signals controls
mouse incisor epithelial stem cell proliferation
Xiu-PingWang 1, Marika Suomalainen 2, Szabolcs Felszeghy 2,
Martyn J. James 2, Maksium V. Pilkus 3, Cheng-Ming
Chuong 3, T. Schimmang 4, Irma Thesleff 2
1 Institute of Biotechnology, University of Helsinki, Finland
2 Institute of Biotechnology, Univ. of Helsinki, Finland
3 Univ. of Southern California, Los Angeles, CA 90089, USA
4 Univ. of Hamburg, Germany
Mouse incisors grow continuously throughout life and
contain stem cells in the cervical loop area at their proximal
end, particularly in the central core of stellate reticulum
compartment. Dental epithelial stem cells proliferate and
migrate towards the tooth apex and differentiate into the
enamel-forming ameloblasts. The labial side cervical loop is
thick and contains abundant epithelial stem cells, whereas the
lingual cervical loop is very thin with only a few stem cells
between the epithelial sheet. Here we show that the
proliferation of these epithelial stem cells is regulated by a
complex signaling network involving activin, BMP, and FGF,
which mediate reciprocal interactions between mesenchymal
and epithelial cells in the stem cell niche. Epithelial FGFs
induce Fgf3 and activin in the dental mesenchyme. BMP4
inhibits the expression of Fgf3 and subsequent epithelial cell
proliferation, whereas activin counteracts this effect. Fgf3 and
Fgf10 stimulate epithelial stem cell proliferation. Activin is
expressed more intensely on the labial side, leading to the
asymmetric expression of Fgf3 only in the labial dental
mesenchyme. This generates a bigger cervical loop labially
with more proliferating stem cells. Fine-tuning of these
signals is responsible for the characteristic asymmetry of
mouse incisors and controls the production of dental epithelial
progenitors.
doi:10.1016/j.ydbio.2006.04.089
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Skin and hair abnormalities in the rough coat mice
Tongyu Cao, Peter Racz, Kornelia M. Szauter, Gergely Groma,
Eszter Pankotai, Benjamin Fogelgren, Q. He, Katalin Csiszar
Univ. of Hawaii at Manoa, Honolulu, HI, USA
The rough coat (rc) mutation arose spontaneously in the
C57BL/6J inbred mouse strain. Homozygous rc mice were
born indistinguishable from their normal littermates but
showed unkempt looking coat by weaning age and developed
cyclic and progressive hair loss. The rc mutation was inherited
in an autosomal recessive mode and was previously mapped to
chromosome 9. The purpose of this study is to further
characterize the skin and hair abnormalities of the rc/rc mice
and identify the gene mutation underlying such abnormalities.
Histological analysis showed severe sebocyte hyperplasia in
the rc/rc mice. Additionally, more than half of the rc/rc mice
over 10 months old developed spontaneous and persistent
wounds in the skin, suggesting a defect in epidermal
maintenance. Because the multipotent keratinocyte stem cells
are the source for the cyclic growth of the hair follicle root
sheaths and the proliferating, basal cells of the sebaceous
glands, as well as epidermal maintenance upon wounding, our
observations suggest a possible over-commitment of hair
follicle stem cells to sebaceous differentiation in the rc/rc
mice. To understand the genetic basis of the rc phenotype
development, we carried out positional cloning in backcross
mice. We identified a mapping interval for the rc locus and
reduced it to 246 kb and identified a mutation in a candidate
gene. We are currently analyzing the expression of this gene
during skin and hair development in normal and rc/rc mice.
(This study was funded by the NIH and the Ingeborg v.F.
McKee Fund through the Hawaii Community Foundation.)
doi:10.1016/j.ydbio.2006.04.090
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Inhibition of mammalian muscle differentiation by
blastema extract of S. macrurus
Graciela A. Unguez 1, Hyun-Jung Kim 1, Stephen Tapscott 2
1 New Mexico State University, Las Cruces, NM, USA
2 Fred Hutchinson Cancer Research Center, Seattle, WA, USA
Most animals can replace lost tissues through stem cell
activation and/or dedifferentiation, that is, the reentry of
differentiated cells into the cell cycle. Regeneration capacity
in mammals, however, is much diminished and this may reflect
a limited dedifferentiation potential. McGann et al. (2001)
reported that mouse muscle cells cultured in newt regeneration
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blastema extract could reenter the cell cycle. We tested whether
the muscle dedifferentiation induction capability is also
conserved in regeneration blastema from the teleost S.
macrurus, a vertebrate with a robust ability to replace all
tissues after tail amputation. We cultured mouse C2C12 cells in
the presence of S. macrurus blastema extract (SMBE; 0.025–
0.05 mg/ml) at different stages of differentiation. SMBE
inhibited myotube formation, but treatment with adult muscle
extract or control vehicle did not. A similar inhibition was
observed with TGFb and bFGF. Inhibition of myotube
formation by SMBE was reversible; hence, myoblast cells
retained the capacity to fuse. Unlike the SMBE-induced
proliferation effect on myoblasts as determined by BrdU
labeling, SMBE had a toxic effect on most mature myotubes
within 15 min of treatment. No BrdU label was detected in
myotubes that survived. Our data suggest that SMBE contains
factors that promote mammalian C2C12 cells to proliferate and
an activity that specifically affects myotube survival in culture.
The nature of this activity is unclear. Further, the absence of
BrdU label in C2C12 myotubes suggests that a dedifferenti-
ation induction capability is not conserved in SMBE.
doi:10.1016/j.ydbio.2006.04.091
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Limb regeneration following amputation of chick wing
buds suggests additional roles for SHH and FGF
Noboru Mishima, Charmaine Pira, Shawn P. Uraine
Kerby Oberg
Loma Linda University, Loma Linda, CA, USA
Fibroblast growth factors (FGFs) of the apical ectodermal
ridge (AER) and sonic hedgehog (SHH) of the zone polarizing
activity (ZPA) are considered to be driving factors behind limb
outgrowth and patterning, respectively. Distal amputation of
the chick wing bud abates limb outgrowth. Exogenous
application of FGF to the posterior margin of the limb stump,
following distal amputation, reestablishes SHH expression,
regenerates amputated tissue and rescues limb outgrowth.
However, application of FGF to the anterior margin of the
limb stump does not induce SHH and fails to rescue limb
outgrowth. The relationship between SHH and FGF during
limb regeneration is not yet clear. To determine the roles of
SHH and FGF in chick wing bud regeneration, we ectopically
expressed SHH (or a GFP control) by confined micro-
electroporation within the anterior margin of HH stage 23
limb stumps followed by distal (500 Am) amputation in the
presence or absence of an FGF-soaked bead. Chick wings were
harvested at day 10 and the skeletal morphology analyzed. We
found that amputation alone resulted in limbs lacking the distal
stylopod, the zeugopod and the autopod. FGF alone typically
resulted in a short thickened stylopod, while SHH alone could
induce stylopod outgrowth with a zeugopod bone and digital
structures. When present in combination, SHH and FGF
application generated a short and thickened stylopod with
distal zeugopod, and digital structures. These data suggest that
SHH by itself may play a role in limb segmentation while a
primary role of FGF may be directed more toward cartilage and
bone formation.
doi:10.1016/j.ydbio.2006.04.092
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Genechip analysis of Xenopus hindlimb regeneration:
Comparisons of complete and incomplete stage-dependent
regeneration
Michael W. King 1, Matthew Grow 2, Anton W. Neff 3,
Anthony L. Mescher 3
1 IUSM-Terre Haute, Center for Regenative Biology and
Medicine, Terre Haute, IN, USA
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Medicine, Indianapolis, IN, USA
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Xenopus laevis tadpoles are capable of limb regeneration
following amputation, in a process which initially involves the
formation of a blastema. However, Xenopus has full regener-
ative capacity only through premetamorphic stages. We have
used the Affymetrix X. laevis Genome Genechip\ microarray
to perform a large-scale screen of gene expression in the
regeneration-complete, stage 53, and regeneration-incomplete,
stage 57, hindlimbs at 1 and 5 days post-amputation. Through a
variety of comparative bioinformatic analyses, we have
identified genes that are differentially expressed between the
regeneration-complete and -incomplete stages, detected the
transcriptional changes associated with the regenerating blas-
tema, and compared these results with those of other
regeneration researchers. We focus particular attention on
striking transcriptional activity observed in genes associated
with patterning, stress response, and inflammation. Overall,
this work provides the most comprehensive views yet of a
regenerating limb and different transcriptional compositions of
regeneration-competent and deficient tissues.
doi:10.1016/j.ydbio.2006.04.093
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Xenopus tadpole tail regeneration requires the activity of
the proton pump V- ATPase, and proton pumping is
sufficient to partially rescue the loss of function phenotype
Dany S. Adams 1, Alessio Masi 2, Michael Levin 1
1 The Forsyth Center for Regenerative and Developmental
Biology, Boston, MA, USA
2 The Forsyth Institute, Boston, MA, USA
The tail of Xenopus laevis tadpoles can be amputated at stage
42 and will regenerate skin, musculature, notochord, and neural
tissue that are indistinguishable from that of uncut controls. A
hierarchical drug screen using ion-transporter inhibitors indi-
cated that, in addition to activity of other candidate transporters,
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